Several studies have reported a relationship between the length of the CAG-repeat in the polymerase c (POLG) gene and male infertility. However, other studies have not reproduced this result. In our study, the POLG-CAG-repeat length was analyzed in 535 healthy individuals from six Chinese Han populations living in different provinces. The frequencies of 10-CAG alleles and genotypes were high (97.38 and 94.13%, respectively), with no significant difference among the six Chinese Han populations. Furthermore, we determined the distribution of the POLG-CAG-repeat in 150 infertile men and 126 fertile men. Our study suggested that the distributions of POLG-CAG-repeat alleles and genotypes were not significantly different between infertile (95.67 and 92.67%, respectively) and fertile men (97.22 and 94.44%, respectively). In a subsequent meta-analysis, combining our data with data from previous studies, a comparison of the CAG-repeat alleles in fertile versus infertile men showed no obvious risk for male infertility associated with any particular allele (pooled odds ratio (OR)50.94; 95% confidence interval (CI): 0.60-1.48). The significance level was not attained with any of the following genetic models: homozygote comparison (not 10/not 10 versus 10/10: OR51.34; 95% CI: 0.66-2.72), heterozygote comparison (10/not 10 versus 10/10: OR51.04; 95% CI: 0.78-1.38), dominant model comparison (not 10/not 10110/ not 10 versus 10/10: OR51.08; 95% CI: 0.79-1.47) and recessive genetic comparison (not 10/not 10 versus 10/not 10110/10: OR51.31; 95% CI: 0.68-2.55). In conclusion, there is no significant difference of the frequencies of POLG-CAG-repeat variants among six Chinese Han populations, and this polymorphism may not be associated with Chinese male infertility. On the basis of a meta-analysis, there is no obvious association between CAG-repeat variants of the POLG gene and male infertility.
INTRODUCTION
Male infertility is a multifactorial syndrome encompassing a wide variety of disorders. Oligozoospermia, asthenozoospermia, teratozoospermia and azoospermia are the four main clinical types of infertility, and these account for 20-25% of cases.
1 Researchers have proven a genetic contribution to infertility by demonstrating genetic influences on a variety of physiological processes, including hormonal homeostasis, spermatogenesis and sperm quality. 2 Because spermatozoa contain a large number of mitochondria and mitochondria have an important role in the quality and quantity of spermatozoa by providing the energy needed to complete their functions, especially sperm motility, 3 it is generally hypothesized that the accumulation of pathogenic mitochondrial DNA (mtDNA) influences the function of spermatozoa, including sperm motility. 4 A series of studies have noted an association between alterations of mtDNA and sperm dysfunction. 4 DNA polymerase c (POLG), which is encoded by the POLG gene, is the only known DNA polymerase for mtDNA replication and maintenance in human beings. The human POLG gene is located on 15q24-15q26, spans 23 exons and includes a trinucleotide CAG-repeat region that encodes a polyglutamine stretch near the N-terminus of the mature protein, downstream of the presumed mitochondrial targeting sequence. [5] [6] [7] It has been reported that human cDNA sequences contain 10 consecutive glutamines encoding CAG codons, followed by a single glutamine encoding a CAA codon and then two further CAG codons. 8 Polyglutamine tracts can be sites for protein-protein interactions; altering the tract in POLG may result in suboptimal or improper mtDNA replication. 5 Previous studies have shown that the common allele contains 10 repeats in exon 1 of the POLG gene in European populations (88%) 9 and northern Eurasian populations (88-96%). 10 More and more evidence has indicated that the length of the CAG-repeat may influence the function of spermatozoa, and several studies have confirmed that an alteration in the length of the CAG-repeat is associated with male infertility; 9, 11, 12 however, some studies have failed to establish such an association. [13] [14] [15] [16] [17] [18] [19] Because there are different distributions of the CAG-repeat length among healthy individuals from different ethnic groups, 10, 14, 16 a determination of the distribution of CAG-repeat length is necessary before an association study between male infertility and CAG-repeat variants in the POLG gene can be carried out.
In this study, we investigated the distribution of CAG-repeat lengths in six Chinese Han populations living in six different provinces to establish the range of this trinucleotide CAG-repeat length polymorphism in individuals of Chinese Han ethnicity. Then, we studied the association between the asthenozoospermia and oligoasthenozoospermia types of male infertility in the Chinese population and CAG-repeat length variants within the POLG gene. In addition, we combined our data with data from previous studies in a carefully designed meta-analysis to study the association between CAG-repeat variants of the POLG gene and male infertility.
MATERIALS AND METHODS

Study participants
Healthy Chinese Han individuals. To establish the distribution of POLG-CAG alleles in a population of Chinese ethnicity, a total of 535 unrelated healthy Chinese Han people from six different provinces (Shandong, Gansu, Hunan, Yunnan, Guangxi and Guangdong provinces) were included in the study. Samples were collected from the project 'Establishment and preservation of permanent growing B cell line of ethnic groups of China', supported by the China Medical Board of New York Inc. (CMB 04-805).
Blood samples were obtained from these individuals with informed consent. Genomic DNA was extracted from peripheral lymphocytes by a standard hydroxybenzene-chloroform method.
Participants for case-control study. A total of 276 male participants attending the Reproductive Medical Research Centre of People's Hospital of Shiyan in Hubei Province for assisted reproductive therapy were recruited in this case-control study. All the participants were f40 years of age.
Within the group of 276 participants, there were 150 infertile men. All infertile men were routinely screened by karyotyping and examinations of phenotype (physique, development of testes and penis) and hormonal status. A team of andrologists conducted detailed clinical investigations and recorded complete case histories (including pathology and therapy that may have influenced fertility, such as orchitis, injury to the testes, diabetes, tuberculosis, chronic respiratory diseases, pancreatic cystic fibrosis, adult mumps, neuromuscular symptoms and radiotherapy or chemotherapy for cancer), the fertility status of male relatives, history of diseases affecting fertility (such as urethral strictures, hypospadias, resection of the prostate, bladder neck surgery, vasoresection, inguinal hernia, hydrocele surgery, history of sympathetic surgery or other surgeries, urinary system infection, sexually transmitted diseases and epididymitis) and other factors that may cause male infertility (fever, smoking, exposure to toxins, alcoholism and drug addiction). Patients with chromosomal abnormalities and genital tract pathologies were excluded. All study participants underwent semen analysis according to the guidelines of the World Health Organization. 20 Eligible patients were divided into the following categories: non-obstructive idiopathic asthenozoospermia (,50% motile spermatozoa and normal concentration, n5124) and oligoasthenozoospermia (,20310 6 spermatozoa ml 21 and ,50% motile spermatozoa, n526). Azoospermic and oligozoospermic patients were excluded.
The control group consisted of 126 fertile men with normal semen parameters (.20310 6 sperm ml 21 , .40% progressive motile sperm, .60% viable sperm, .30% with normal morphology and ,1310 6 white blood cells ml 21 ). All 126 fertile men recruited to serve as controls achieved normal fertilization after a series of diagnostic tests was performed on themselves and their partners. The males who were partners in infertile couples group, who exhibited normal semen parameters but unknown fertilization statuses, were not included in this study.
Semen samples were obtained from each individual participant in both the case and the control groups with informed consent, and genomic DNA was extracted from semen by a standard hydroxybenzene-chloroform method.
Genetic analysis
The sense and antisense primers used for amplifying the CAG-repeats in exon 1 of the POLG gene have been reported previously. 21 The forward primer was fluorescently labeled with FAM (Carboxyfluorescein) at the 59 end of the primer to analyze the PCR products in an automated DNA analyzer (ABI 3130; Applied Biosystems, Foster City, CA, USA). PCR for each sample was carried out in a 10-ml reaction volume containing 10 ng of DNA, 10 pmol l Electrophoresis of amplified products was conducted on an ABI 3130 DNA Analyzer (Applied Biosystems) for genotyping. A 5-ml volume of diluted PCR product (PCR product, ddH 2 O 1 : 900) was mixed with a 5-ml mixture of GS LIZ500 or GS 400HD size standard and Hi-Di formamide (1 : 100). The raw data were further analyzed using GeneMapper software (GeneMapper Software version 4.0; Applied Biosystems, 2005) to ascertain the length of the POLG-CAG allele. PCR and genotyping were repeated for all the samples to confirm the number of repeats. In addition, sequencing was used to define the size of the PCR product.
Statistical analysis and meta-analysis
Analysis of genetic data. The Hardy-Weinberg equilibrium (HWE) for the six Chinese Han populations was assessed by SHEsis (http:// analysis.bio-x.cn/myAnalysis.php). The differences among the six Chinese Han populations were calculated by a x 2 test using SPSS (version 17.0; SPSS Inc., Chicago, IL, USA). The difference in the number of CAG-repeats between the infertile and control groups was calculated by a x 2 test, which yielded a P value and odds ratio (OR) with the corresponding 95% confidence interval (CI), using SPSS. Statistical significance was defined as a P value ,0.05.
Statistics for meta-analysis. The results from this study and other casecontrol studies 9, [11] [12] [13] [15] [16] [17] [18] [19] were combined for meta-analysis. The departure from HWE for the control group in each study was assessed using a Pearson x 2 test for goodness of fit in the HWE program (http:// ihg2.helmholtz-muenchen.de/cgi-bin/hw/hwa1.pl). The meta-analysis was performed using STATA (version SE-10.1; Stata Corporation, College Station, TX, USA). The OR and 95% CI were calculated to estimate differences in CAG-repeat lengths between cases and controls. On the basis of the individual OR, a pooled OR was estimated, from which the statistical significance was determined using a Z-test. The x 2 -based Q-statistic test was used for the assessment of between-study heterogeneity. If P,0.05, then the heterogeneity was considered significant, indicating heterogeneity across studies. We used a random effects model (I-V heterogeneity) to combine the individual effect size estimates. 21, 22 Stratification analysis by ethnicity was conducted to estimate ethnicity-specific ORs. Sensitivity analysis was performed to assess the stability of these results. A single study involved in the meta-analysis was omitted each time to reflect the influence of the individual studies on the overall effect estimate.
Potential publication bias was estimated by a funnel plot using Egger's linear regression test. P,0.05 was considered representative of statistically significant publication bias. 23 
RESULTS
In the current study, we first determined the distribution of CAGrepeat length variation of the POLG gene in six Chinese Han populations from different provinces in China. The CAG-allele variant distribution satisfied HWE in all of the Chinese Han populations (P.0.05). The 10-CAG-repeat length was the common allele, with an average frequency of 97.38%, and there was no significant difference among the six Han populations (Table 1 ). The frequencies of the common genotype (10/10) in these six groups were also similar (Table 2) . Further, the CAG-repeat length variant in the POLG gene was analyzed in infertile patients with asthenozoospermia and oligoasthenozoospermia, as well as normozoospermic fertile men. The most frequently observed POLG-CAG allele in the case and control groups was the common 10-CAG-repeat allele, with frequencies of 95.67 and 97.22%, respectively ( Table 1 ). The most frequent genotype in the case and control groups was the homozygous wild type (10/10) in 92.67 and 94.44%, respectively, followed by the heterozygous (10/ not 10) genotype in 6.00 and 5.56%, respectively (Table 2) . Interestingly, the homozygous mutant genotype (not 10/not 10) was found only in infertile men, with a frequency of 1.33%. All these homozygous mutant genotype carriers were asthenozoospermic men. There was no notable difference of particular allele between the case and control groups (x 2 50.75; P50.38; 95% CI: 0.58-4.01; OR51.53).
Subsequently, we combined our data with data from nine published case-control studies involving a total of 2463 infertile men and 1480 fertile men in a meta-analysis to determine the association between the POLG-CAG-repeat variant and male infertility. The studies involved and their main characteristics are listed in Table 3 . The genotype distributions of the CAG-repeat polymorphism were found to be in HWE in controls for all eligible studies, except the study by Rani et al. (Figure 2) . Compared with the 10-CAG-repeat allele carriers, those without the 10-CAG-repeat had no significantly greater risk for male infertility (pooled OR50.94; 95% CI: 0.60-1.48) under the random effects model. As shown in Figure 2 , no overt main effects on male infertility risk were observed in all comparisons, and no obvious significance was observed among Table 2 Genotypes by province and diagnosis in six Chinese samples (Figure 2d ). There was notable heterogeneity for the allele (x 2 584.16; degree of freedom (d.f.)59, P heterogeneity 50.000, I
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2 588%) (Figure 1) (Figure 2 ). We then evaluated the source of heterogeneity in these comparisons by ethnic stratification. We observed that heterogeneity still existed in European subethnicities ( Table 4 ). The sensitivity analysis was performed by deleting a single study involved in the meta-analysis each time to reflect the influence of the individual result on the pooled ORs (Figure 3 ). 
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Results indicated that the studies by Rovio et al., 9 Jensen et al. 11 and Harris et al. 18 were the main origins of heterogeneity, especially the study by Rovio et al.. 9 The heterogeneity changed markedly when this study was omitted (heterozygote comparison: OR5 0.96, 95% CI: 0.75-1. 22 ). Begg's funnel plot and Egger's test were performed to assess publication bias. 23 The shape of the funnel plot revealed no publication bias for all meta-associations ( Figure 4) .
DISCUSSION
In the present study, there was no difference in the distribution of the POLG polymorphism among six general samples of healthy Chinese Han people living in six different provinces. Previous studies have documented the distribution of the POLG-CAG-repeat length variant in different populations around the world. We performed pairwise comparisons of previously published data from different populations (Finnish, English, German, Danish, Indian, Dutch, African, North 
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African, Turkish, non-Dutch European, Middle Eastern, Asian, Korean, Mongolian, Shor, Altaian, Tuvinian, Buryat, Tajik, Persian, Kurd, Bosnian, Polish and Russian) on the frequency of the CAGrepeat polymorphisms (Table 5) . 10, 14, 19, 24 We found differences in the frequencies of the three POLG-CAG-repeat genotypes between geographically and ethnically related populations. The prevalence of homozygous wild type (10/10) was shown to be exceedingly high in Chinese (97.38%) and Koreans (96.1%), but low in Africans (51.65%). Overall, the frequencies of all CAG-repeat genotypes were similar for groups from the same continent (Table 5 and Supplementary  Table 1 ), but differed when comparing groups from different continents. These results indicate that there is a significant difference in the frequencies of the three CAG-repeat genotypes between geographically and ethnically related populations. Therefore, an assessment of the study population's ethnic and genetic background is needed before an association study can be performed.
In this study, to determine the association between the POLG-CAGrepeat polymorphism and male infertility in a Chinese population, we compared infertile men (asthenozoospermia and oligoasthenozoospermia) with normozoospermic fertile controls. Our study revealed that the risk of infertility is slightly higher for males carrying the not 10/not 10 genotype according to a different genetic comparison model ( Figure 2) ; however, our results did not show any statistical difference between the case and control groups, which indicated that the POLG-CAG-repeat might not be a susceptibility locus for male infertility in the Chinese people.
Many studies have investigated the association between male infertility and the trinucleotide CAG-repeat polymorphism in the POLG gene, but the results are widely divergent. To obtain a more complete and precise estimate of the association, we collected all available data to perform a comprehensive meta-analysis. A prior meta-analysis of six published studies suggested that there was no association between the POLG-CAG-repeat polymorphism and male infertility. 25 However, several studies published in recent years were not included in the previous meta-analysis. Therefore, we combined our results with those of nine published studies and conducted a comprehensive meta-analysis with the goals of providing more reliable findings on the significance of the association and quantitatively investigating the sources of heterogeneity between the studies. We performed our meta-analysis based on a different model of comparisons and found that the POLG-CAG-repeat variant was not associated with male infertility.
Heterogeneity testing detected conspicuous heterogeneity among the studies included in our meta-analysis. Even when we stratified the studies by the ethnicity of their participants, heterogeneity was still detected in European subgroups. The ethnic difference might be one of the causes of the heterogeneity. Our results show that the allele frequencies of the POLG-CAG-repeat variants and genotype frequencies vary across different ethnic groups. The variability of the association might be influenced by the different frequencies of this polymorphism in populations of different ethnicities. As evidenced by a recent data mining study, differences in allele frequencies between groups can result in a reversal of allelic effects. 26 Another cause for the discrepancy might be that this polymorphism has a different role in individuals of different ethnicities. There might be different genetic modifiers among some of the populations studied or some other functional polymorphisms that interact with this CAG-repeat. The POLG-CAG-repeat variant may not, by itself, exhibit a significant association with male infertility in all or most studies because its effect may be small and dependent on genotypes at other loci that compensate for variation in the locus under study. Furthermore, the heterogeneity might be caused by the different case criteria employed by the published studies. Some studies combined three (azoospermia, oligozoospermia and asthenozoospermia) or more subgroups of idiopathic male infertility to examine the distribution of CAG-repeat variants of the POLG gene. 12, 13, 15, [17] [18] [19] On the contrary, some studies analyzed only one subgroup or excluded some subgroups, such as Rani et al., 16 who studied only the association between the CAG-repeat variant and oligoasthenozoospermia; Rovio et al., 9 who excluded azoospermic and severely oligozoospermic men; and this study, which only included asthenozoospermic and oligoasthenozoospermic men. All studies excluded patients with genetic causes of infertility (karyotype mutations, Kallman syndrome, Y-chromosome microdeletions and cystic fibrosis mutations) from the analysis; however, not all known genetic causes of male infertility were reported to be excluded in all studies. It is possible that the distribution of this polymorphism among different male infertility subcategories is quite different. However, these studies combined the data on males in different subcategories, and the original data are not available for a stratification analysis.
In conclusion, we suggest that the frequencies of the CAG-repeat variants in the POLG gene are significantly different in diverse ethnic groups and that this polymorphism is not associated with male infertility among Chinese people. Through a meta-analysis using several types of comparison models, we demonstrated that there is no manifest association between the POLG-CAG-repeat variant and male infertility. Susceptibility to male infertility may be confined to a certain population. There is no need to carry out further studies on the distribution of the POLG-CAG-repeat variant in the context of male infertility. It would be more productive to look for other interesting genetic factors or discuss the interaction of the POLG-CAG-repeat variant with other polymorphisms. Large, well-designed studies are warranted to validate the association in specific ethnic populations.
Note: Supplementary information is available on the Asian Journal of Andrology website (http://www.nature.com/aja/). 
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